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Virtually all laboratory animals are confined for their entire lives, so it is especially 
challenging to provide one of the five freedoms1—freedom to express normal behaviour. 
Compounding the matter, it is increasingly difficult to settle on the parameters of normal 
behaviour. Recent research strongly suggests that emotions such as empathy may well 
predate Homo sapiens and extend at least to all species of the mammalian world2. And, 
there is a growing body of research on subtle factors of habitat that may transform 
normal behaviour. For example, cage bedding may depress sleeping time and induce 
drug-metabolising enzyme activity, or not, depending on the material, the degree of 
processing and the size of pieces. 

So, the normal behaviour checklist is getting longer and the items on the list are ever 
more nuanced, which we believe is good for at least two reasons. We are building a 
richer, more complete picture of animal behaviour and a deeper understanding of 
environmental factors that may affect it. 

Sounds, Audition and Vocalisation 
Overall, here’s what important about sound in the lab rat environment: a rat’s greatest 
sensitivity is to frequencies which are inaudible to us, and rats produce many sounds 
we can’t hear. So human activity may unintentionally influence behaviour; and, we may 
incorrectly interpret or explain behaviour we observe.  

Here’s why that could happen. Though it depends on the intensity of sound and health 
of the ears, in general humans perceive frequencies from 20–20,000 Hz4 with 400–
4,800 Hz being the range of human speech; rats produce and hear frequencies which 
we can’t hear, above 20 kHz, and perceive sound up to 80 kHz.  

Specifically, rats detect low frequencies (under 500 Hz) less easily, but detect high 
frequencies (over 8,000 Hz) much more easily than we do. Inner ear cell types do vary 
across animal strains, and variables such as age, prior exposure, physiological state of 
the animal and source of sound influence the degrees of response on audiogram 
(Figure 1). 
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Figure 1: Hearing ranges of everyday laboratory animals.4 

However, in general even hushed sounds can have a considerable impact on animal 
physiology and behaviour, because they engage limbic structures and higher brain 
centres involved in determining context and meaning. Sounds that startle us may not 
startle the animals, and in day to day lab activity we may create sound we can’t hear 
that causes the animal serious distress.  

Ultrasound Emission at Critical Periods 
Consider the large variety of situations—aggressive interactions, sexual intercourse, 
mothering, during handling by humans, and in response to stress such as pain and 
predator on the scene—in which rats communicate by ultrasound emission.  

When presented with a cat, groups of three male and two female Long Evans rats, living 
in a visible burrow system, created a tumult of 18-24 kHz cries and the din continued, 
from the depths of the burrow, for more than 30 minutes after the cat disappeared. In 
the same study, when recording ultrasound from a lone rat faced with a cat, whether or 
not there is a place to hide, researchers detected almost no vocalization. Clearly 
ultrasound emission is central to communication between and among animals. Most of 
the ultrasound emissions are at a frequency of 21-32 kHz; as such they’ve been named 
22 kHz calls. Researchers speculate that the list of predators we identify may not be 
exhaustive, as rats respond similarly to other unfamiliar animals including lab personnel. 



The rat repertoire includes the ability to vocalise at 20 kHz, which they do during the first 
days of life and as an added method of communication when they are in highly stressful 
situations such as aggressive combat and prolonged periods of pain.  

Ultrasound Communication 
Scientists are just beginning to document sounds that accompany a range of events 
related to sex. Both male and female emit ultrasounds during intercourse. Pre-
ejaculation calls make the female more responsive. After copulation, males vocalise a 
kind of ―song‖ which is long regular pulses one to three seconds each, 22–23 kHz in 
frequency and up to 80 dB strong. Likewise female rats ―sing‖ earlier: they produce 
short (10-200 milliseconds) 40–70 kHz songs during the act of copulation itself. 

Females offer varying sounds throughout the oestrous cycle and change their tunes in 
the presence of silent but sexually experienced potential male partners. Pregnant 
females emit more sounds more often than those who aren’t carrying, and the cries 
intensify as dark periods descend.  

Mothers with pups produce sounds we can hear and those we can’t. Pups cry in the 
ultrasound frequencies when they’re cold, alone or come across something unusual. 
They cry out differently when they’re moved, whether by the mother or us. Pups cry out 
on both audible and ultrasound frequencies up until day ten, when they leave sounds 
we can hear behind. 
  

And here are some findings with immediately practical applications: Burman et al5 
suggests rats vocalise at 50 kHz when they’re in a positive emotional state and 22 kHz 
when they’re in a negative state. Hearing playback at 22 kHz slowed down activity and 
the likelihood of staying in the open arena. Ultrasound wavelength is short and does not 
easily pass through barriers such as plastic cages. However, during cage changing 
there might be inter-cage communication and alarm calls to co-specific animals 
attempting to communicate a stressful or frightening situation. 

Non-auditory Effects of Sound 
Though the non-auditory impact of sound is by now well known, we feel it is important to 
summarise. The noise level in animal houses and laboratories can be stressors. Noise 
activates the sympathetic division of the autonomic nervous system, producing 
gastrointestinal, immunological, reproductive, nervous and cardiovascular effects, as 
well as blood cell counts, changes in development, hormone levels, adrenal structure, 
metabolism, organ weights, food intake, body weight and behaviour.  

Strikingly, exposing rats to ultrasounds of 50–80 kHz at 80–90 kB in the four days 
during the mating period reduced fertility by 73.2% and productivity by 84%. Exposure 
to 100 dB of 3–12 kHz for one minute during the four days of copulation reduced fertility 
by 70–80%.  



Noise interferes not only with reproductive patterns but with sleep. Continued exposure 
for more than a week restricted slow wave sleep and rapid-eye-movement, called 
paradoxical, sleep. Surprisingly, rats exposed to higher intensity noise did better on 
maze learning—they made fewer errors, explored less and finished their trials sooner—
than rats in a quieter environment. In previous studies, noise was associated to 
increases in choline uptake in several brain regions including the prefrontal cortex and 
hippocampus and these can be the cause of a better learning performance of rats 
exposed to sound.  

We recommend that those who plan research projects take noise and sound into 
account and control for sound in the experimental design. Also, it is wise to include 
sound as a topic in the curriculum for facility personnel training. Remind people that it is 
essential to report any unusual sounds and to consider that one response to the 
question, ―What’s wrong with my animals?‖ might well be, ―What’s wrong in the animal 
facility?‖ 

Noise in the Animal Facility 
The authors caution that acoustic environment needs thorough control in all studies 
including those with animal models of learning and memory. Sources of sound, in 
particular ultrasound, may be air conditioners, air handlers, ventilated rack systems, 
video monitors, and laboratory equipment. During routine maintenance procedures staff 
may be so accustomed to noise they don’t notice it, yet the very same noise may put 
animals on full alert: opening and closing doors, washing and changing cages, pushing 
carts and even people talking. Consider the range of noise rats experience when we 
pull a cage out of the rack and place it on a table, replacing the cage and adding food to 
the hopper (Figures 2 and 3). Though animals may acclimatise, especially during critical 
development periods, changes from weekday to weekend, our daytime to our night time 
vary in intensity and impact. The authors suggest that when it’s time to replace cages, 
consider polycarbonate cages: when putting them down and replacing them in a rack, 
the noise levels were 15 dB (R) lower. 

  

 

Figure 2, 3: Routine cage-changing is a source of sound and ultrasound. 



Sound Proof Fire Alarms 
It stands to reason that being unhurried while working in the lab, and being aware of 
sounds you might avoid making, could enhance return on investment in research. In the 
1970’s, Clough and Fasham6 published the development of a ―silent fire alarm‖ 
producing a noise intensely irritating and disturbing to humans that did not awaken rats 
and mice from sleep; and when this silent fire alarm was switched on, animals already 
awake did not show a startle response, ear twitching or other indication of auditory 
disturbance. This device produced pure tones alternating between 430 and 470Hz, 
below the optimal hearing range for mice and rats. In the literature, there has been no 
further report of the silent alarm being used successfully in animal facilities, and we 
have found that civil engineers are not aware of the device. 

Acoustics Engineering 
We hope that acoustics engineers will become an integral part of the facility planning 
team, and that they will routinely consider animal as well as human frequencies when 
designing and testing the lab animal facility. 

Light, Behaviour and Physiology 
Since rats are nocturnal animals, it is best housing rats in dim light. However, when staff 
handles the animals they may need brighter light. To counterbalance the additional light, 
people often provide places such as shelters in the cage where the animals can hide 
from too much light, or use red light, assuming that rats will experience the red light as 
darkness.  

However, recent research suggests that rats can detect even very dim red light present 
in a cycle of dark, and that even that dim red light may affect discreet aspects of activity 
and behaviour. For example, social play, which rats enjoy in sheltered locations, is such 
a strong inbuilt drive that rats will learn a task if the reward is opportunity to play (Figure 
4). This isn’t surprising since social play is indispensable for social development. Yet 
under intense light the animals slow down on following and chasing and may stop social 
play such as pinning and boxing and wrestling. 

 
Figure 4: Laboratory animals in their home cages use simple enrichment objects such 
as paper rolls and tissue paper for shelter and to built nests. 



Here are a very few recent findings that shed further light—pardon the pun—on just how 
socio-neuro-biochemically sensitive rats are to this abiotic factor. 

Breeding Cycles 
Dim red light can shift time of ovulation, because red light, it seems, affects the 
circadian rhythm of luteinizing hormone (LH) secretion. Even more dramatic, perhaps, is 
that changes in proportions of lab light/dark regime can influence the oestrus cycle, time 
of ovulation and even length of gestation. Transient exposure to indirect nocturnal light 
of minimum intensity caused ovarian change and even atrophy among female Sprague-
Dawley rats.  

The Primary Signal 
Light is the most important environmental signal regulating the temporal pattern of 
animal behaviour and physiology, regulating circadian rhythms and stimulating and 
synchronizing breeding cycles. The hypothalamic suprachiasmatic nucleus (SCN) 
neuronal activity is directly regulated by environmental light via the retinohypothalamic 
tract. The housing photoperiod should be stable; that way it contributes to animal 
wellbeing (i.e. avoiding distress, behavioural disturbances, retinal damage and circadian 
rhythm suppression) and good experimental results.  

Cages on top shelves, where they may be exposed to too much light, deserve special 
attention. 
  

Circadian Rhythms 
Rats are nocturnal animals, and it isn’t surprising that after a long exposure to 
continuous light, the circadian periodicity disappears as do rhythms of motor activity, 
plasma melatonin and sexual hormones. However, the body’s well known ability to 
compensate and adapt comes into play here. If previously subjected to continuous light 
during their lactation period, adult albino rats exhibit a circadian rhythm of motor activity.  

So a critical period for sensitivity and ability to adapt to external factors seems to be 
mid-lactation. Light received during lactation affects the strength of the circadian 
pacemaker and its sensitivity to light. Lighting conditions to which newborn animals are 
exposed will affect nothing less than the circadian system and also will condition the 
further adaptation of the adult animal to the external conditions in which it lives. 

The length of the light/dark cycle influences the body weight and food intake of young 
male Wistar rats. In freely moving rats, a shift in the light cycle (reducing its photoperiod 
or changing the time at which lights are on and off) induces a shift in the circadian 
rhythms of blood pressure, heart rate and spontaneous locomotor activity—all of which 
can take up to a week to fully synchronize with the new light cycle. Basal heart rate, 
measured in individually-housed Sprague-Dawley and Spontaneous Hypertensive rats, 
slowed when rats were housed under 10 lx illumination or an 8:16 h L:D photo cycle 
with 200 lx illumination (when compared with controls housed under a 12:12 h L:D 
photo cycle with 200 lx illumination). Even though the pattern of effects varied among 



strains and between male and female rats, housing rats under 12:12 h L: D 200 lx 
ambient light conditions was potentially stressful.  

Rats’ adaptation to a reduced light overall improves when the dawn and dusk periods 
are virtually the same length. There is speculation that dimmers could have twilight 
periods between the light and dark cycles even though not much information is available 
comparing the physiological and behavioural changes in rats after the sudden turn off of 
lights with gradual transition from light to dark and vice versa. Timers providing a 
gradual light transition would better mimic natural light at dawn and dusk, which would 
be preferable when studying the social behaviour of animals that are active primarily at 
twilight times of dusk and dawn.  

Learning, and also events in the environment that reliably precede the onset of light, 
can influence effectiveness of light stimuli on daily circadian clock resetting. Light stimuli 
can gain negative emotional significance through repeated pairing with aversive events, 
and consequently fail to provide the optimal stimulus for entrainment of circadian 
rhythms. 

Note: red fluorescent light can serve as a synchronization pulse for rats kept in the dark, 
even with light intensities below 1 lx. During light periods, the fluorescent light that is 
commonly used in animal facilities provides a narrower range of wavelengths than 
sunlight; therefore, using full spectrum fluorescent bulbs may provide a more natural 
light environment in the laboratory. 
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